Introduction
Innovations of many kinds have transformed the systems and practices of food production, processing, distribution and consumption during the seven decades since the end of the Second World War. In South Asia and other parts of the world, the agricultural Green Revolution (GR) in the latter half of the last century dramatically increased the supply of grains and oilseeds and helped to sharply reduce levels of absolute hunger and food insecurity. However, increasing production and productivity of carbohydrate-dense crops has not eliminated micro-nutrient deficiencies, nor prevented the emergence of non-communicable diseases (NCDs) associated with processed foods and more sedentary lifestyles. Regionally and globally, human populations are afflicted by a 'triple burden' of malnutrition -the paradoxical co-existence of hunger and micronutrient deficiency on one hand with diet-related NCDs such as obesity, diabetes and hypertension, on the other (WHO, 2018) . Millions of people have been fed, yet hundreds of millions are still food insecure, and two billion people suffer from micronutrient deficiencies (IFPRI, 2016; Spielman and Pandya-Lorch, 2009) .
At the same time, intensified farming practices inflict heavy costs on the carrying capacity of agro-ecosystems, including the pollution of waterways and waterbodies, lowering of water tables and the salination and erosion of soils (Campbell et al., 2017; Vlek et al., 2017) . Modern agricultural methods depend heavily on the consumption of non-renewable petrochemicals, and emit large volumes of greenhouse gases (Hallström et al., 2017) . Moreover, despite this huge investment in production, vast quantities of good food are wasted at every step of the chain between farmers' fields and consumers' waste bins (Spiker et al., 2017; Stuart, 2009) . Meanwhile, rural communities in both the global North and South are under great strain, as farmers and farm workers struggle with low producer prices, inadequate incomes, and the destruction of rural social networks. In South Asia as in other regions, farming communities are afflicted by symptoms of economic and psychological stress (Vasavi, 2009 (Vasavi, , 2012 .
To achieve the Sustainable Development Goals (SDGs) that target food and nutrition security and sustainable agriculture (e.g. SDGs 2, 3 and 12), the countries of South Asia need more innovation. However, they will also benefit from intelligent reflection about what innovation means, the directions it should take, and its risks and downsides alongside its benefits. Fortunately, in the present juncture, South Asian countries have an opportunity to learn from other developing nations and developed countries, and choose from alternative options to steer their own course.
In this paper, we explain how previous waves of innovation in South Asian agricultural and food systems have combined to create the present situation, and we suggest how alternative kinds of innovation may enable South Asian countries to escape from the triple burden of malnutrition. We draw upon recent contributions to the literature on responsible research and innovation (RRI) to argue for a reflexive and accountable approach to shaping the development and application of new technologies within agri-food production, distribution and consumption systems (Owen et al., 2012; Stilgoe et al., 2013) . We present a conceptual framework that will help policy makers to think about how innovation pathways might be created and directed towards the goal of improving nutritional outcomes in South Asia. The framework draws attention to the direction of socio-technical change, the distribution of technologies and their risks and benefits, and opening up a diversity of possible innovation pathways (STEPS Centre, 2010; Stirling, 2009) . We illustrate these propositions using examples of innovations and sociotechnical changes from the Leveraging Agriculture for Nutrition in South Asia (LANSA) research consortium, 1 as well as other documented cases, in the areas of agricultural production, value chain interventions, and policy and institutional reforms.
In the discussion that follows, we acknowledge that the countries of the South Asian region are heterogeneous politically, economically, institutionally and agro-ecologically. Approaches to strengthening the linkages between agriculture and nutrition are unlikely to be fully generalisable across South Asia. To successfully improve nutrition, interventions need to account for specific local and national contexts and dynamics.
Innovation: A development buzzword
Innovation is a development sector 'buzzword.' 2 Governments, policy makers, entrepreneurs and media pundits expect 'innovation' to deliver economic growth and solve humanity's most pressing problems. Academic researchers, policy analysts and civil servants strive to discover the mechanisms that will trigger processes of invention, discovery and experimentation, and spread new technologies -conceived principally as novel products, practical methods and technical processesto transform industry, service delivery, livelihoods and consumption patterns. In agri-food systems, new technical artefacts, consumables and techniques, such as crop varieties, chemical inputs, cultivation methods, harvesting equipment, storage facilities, food processing machinery, packaging materials, distribution networks, retail and foodservice formats and tracking systems, are called upon to deliver better outcomes in terms of efficiency and productivity, food quantity and quality, product safety and nutrition. This widespread appeal to innovation and novel technologies conforms with everyday usage, where technology is commonly understood to mean machines, devices, gadgets and software, and very often conflated with the latest 'cutting edge' technical applications, such as information and communication technologies (e.g. smartphones and tablet computers), satellites and drones (e.g. in precision agriculture), and biotechnology (such as transgenic and genome-edited organisms). In the narratives of policy makers and social entrepreneurs, these materially embodied avatars of innovation and 'tech' are often loaded with an intrinsically positive value, conflated with 'progress.'
There are several problems with this perspective. We highlight two of them here. First is the risk of technological determinism, where a technocentric framing of innovation tends to overestimate the potential of technical artefacts, networks and systems to determine (beneficial) outcomes. In reality, technical artefacts and systems do not possess momentum, directions or destinations of their own. They are driven and steered by interacting social, economic, political and institutional forces and processes (Leach et al., 2010) . They are not value-free, but reflect the values of contending actors and institutions that help to drive and steer them. Second, which is a related point, the deterministic perspective on technology as embodied in technical artefacts neglects, or strongly downplays, the agency of human beings, which is enabled and constrained by relations and interactions with networks of other entities across their social and material worlds, including other humans, nonhuman living organisms, and objects and tools of many kinds, including documents, laws, contracts, discourse, and cultural frameworks (Callon and Law, 1997; Latour, 2005) . Within the LANSA consortium, we have adopted a perspective on technology and innovation that places human agency and practice at its centre, which allows us to explore innovation and technology within South Asian agri-food systems as the purposeful activity of people and organisations, conducted and expressed through enabling and constraining interactions among people, plants, animals, materials and their agro-ecosystems (Glover, 2017) . We contend that this approach helps to avoid the trap of technological determinism, particularly the analytical error of assuming that innovation is necessarily loaded with a positive value. We expand on these propositions and justify our approach in the following sections of this paper.
Innovation and the triple burden of malnutrition in South Asia
The Asian GR was an interlocking set of industrial, technical, infrastructural, policy and socio-economic changes that transformed South Asian farming practices, rural landscapes, patterns of land use and ownership, the livelihoods, lifestyles and employment opportunities of rural people and communities, the diets of rural and urban consumers, patterns of trade, and other aspects of regional and national agri-food systems (Conway and Barbier, 2013; Das, 2002; Patel, 2012) . Classical portrayals of the GR emphasise its transformative impacts on food production and crop yields, and stress the revolutionary effect of these changes on household-level, national and regional food security and the near-elimination of extreme forms of hunger (Evenson and Gollin, 2003; Hazell, 2009 ). The GR is often also credited with raising rural incomes and reducing poverty, although poverty and inequality still prevail (Das, 2002; Freebairn, 1995; Pingali, 2012) .
What is undeniable is that a great deal of innovation and technological change occurred during the GR period in South Asia, not only in farm production and input supply but in value chains and consumption practices; yet, forms of food insecurity and malnutrition still survive in the region, as they do in other regions: poor people often still consume diets that lack a diverse range of nutritious foods, and micronutrient deficiencies are still prevalent (Dame and Nusser, 2011; Headey and Hoddinott, 2016; Jewitt and Baker, 2007; Pingali, 2012) . The GR favoured the production of a narrow range of staple crops, especially the grain crops rice, wheat and maize, for which modern, high-yielding varieties were available. Crop improvement strategies typically focused on quantitative traits, particularly yield and fertiliser responsiveness, rather than qualitative traits such as micronutrient content (Stein, 2010) . The nutritional value of staple crop cultivars declined as they passed through scientific breeding programmes that focused on yields rather than quality traits (Hussain et al., 2012a (Hussain et al., , 2012b . The GR did little to promote, and indirectly discouraged, the production or consumption of nutritious traditional crops, such as millets and pulses. Many consumers benefited from falls in the prices of staple foods, which sometimes resulted in increases in dietary diversity and the consumption of nutrient-dense foods, but dietary diversity actually decreased for some populations as traditional crops, leafy vegetables and fish disappeared from production systems, and consumption of some micronutrient-rich foods fell as these products became relatively more expensive. As a consequence, the GR's effects on micronutrient nutrition were complex and indirect, and often negative (Gopalan, 2013; Pingali, 2012) .
Agri-food systems in the region have continued to be transformed, in the post-GR period, by interlinked processes of globalisation and innovation in food production systems, value chains, retail formats and consumption practices, with improvements in the choice and quality of foods available to some consumers, safer methods of food processing and packaging, and so on. However, the transformation of South Asia's agri-food systems has also led to significant negative effects on the environment, as well as adverse outcomes for the nutritional status and health of many consumers. Moreover, the positive and negative consequences of agri-food system change were unevenly distributed across men, women, children and adolescents, urban and rural populations, producers and consumers, rich and poor (Qaim, 2017) .
Today, malnutrition of various kinds remains a stubborn problem in the region . While rapid advances were being achieved in East and Southeast Asia, South Asia (alongside sub-Saharan Africa) did not see sharp reductions in the prevalence of micronutrient deficiencies (Beall et al., 2017; Muthayya et al., 2013) . A 'nutrition transition' has resulted in substantial increases in the intake of sugar, salt and saturated fats, resulting from reduced consumption of small grains, pulses, vegetables and fruits and increased consumption of meat, oil and processed foods (Khan and Talukder, 2013; Misra et al., 2011) . The triple burden is recognised as an urgent public and policy challenge facing South Asian societies, young people, and those concerned with public health and national economic development (Kulkarni et al., 2017; Meenakshi, 2016; Shankar et al., 2017) .
Many factors have contributed to the nutrition transition and the triple burden of malnutrition. Increasing consumption of processed foods and fast food, especially but not exclusively among more affluent, urban populations, combined with the influence of intensified marketing and advertising, have had a large impact (Gulati and Misra, 2014; Johnson et al., 2017; Joseph et al., 2015; Mistry and Puthussery, 2015) . Major innovations in food value chains and retail formats, including supermarkets and small rural retails outlets, is helping to spread processed, packaged food products even to poor communities in affordable pack sizes (Gómez and Ricketts, 2013; Reardon, 2015) .
It is important to recognise that the nutrition transition itself is a kind of innovation, and the triple burden of malnutrition is an outcome of previous rounds of innovation, manifested in waves of society-wide change in socio-technical practices . However, in some respects India and other South Asian countries are further behind in this set of interlinked trends compared to countries in East and Southeast Asia, with respect to the supermarket revolution, the shift towards unhealthy diets, and the spread of diet-related NCDs (Baker and Friel, 2014; Gómez and Ricketts, 2013; Reardon, 2015) .
Recent historical analysis has suggested that the policies and strategies underlying the GR were not designed to tackle food insecurity among poor people in poor countries. The GR was an extension of Cold War geopolitics, which involved US-based philanthropic foundations in a partnership with the US government to resist the spread of communist regimes (Cullather, 2010; Latham, 2010; Patel, 2012; Perkins, 1997) . The GR is more convincingly explained as a way of achieving other goals, in the geopolitical context of the Cold War: boosting production of globally traded agricultural commodities; growing markets for industrial inputs; tying countries into international relationships of aid and trade; and inducting peasant farmers into the capitalist economy (Harwood, 2012; Saha, 2013; Saha and Schmalzer, 2016; Subramanian, 2015) .
Bearing in mind these historical facts, policy makers and other stakeholders should recognise that, if future innovations and sociotechnical change pathways for agri-food systems South Asia are to tackle malnutrition and achieve the SDGs, they should be designed with nutrition foremost. In the remainder of this paper we explore some design principles, informed by a set of analytical questions, that can guide innovations in South Asian agri-food systems to produce better nutrition outcomes.
Diverse innovation pathways
In popular, media and political discourses, the notion of innovation is often invested with an intrinsically positive value. Alternatively, technological progress is sometimes portrayed or perceived as irresistible. The direction of change is rarely posed as a question for debate. These discursive framings of innovation and progress disempower critique, since it is hard to question a process that has been framed as desirable, or to resist an outcome that is generally understood to be inevitable. This logic allows proponents of particular directions and destinations of scientific and technological change to depict these as natural, inescapable, or generally preferred. People who criticise particular visions of progress may find themselves portrayed as anti-social elements or cranks, opponents of science and technology, or obstacles to the betterment of humankind (Jansen and Gupta, 2009 ). However, the logic is flawed. In reality, the future is indeterminate; progress is rarely linear or uni-directional; moreover, from any given point in history, many different pathways of social and technological possibility are potentially available (Leach et al., 2010; Stirling, 2009) .
The implications and ramifications of alternative socio-technical pathways may be radically different, and their consequences may be unevenly distributed across the members of a society or community. These qualities of indeterminacy and unevenness make it legitimate and proper to open the directions of socio-technical change to democratic debate and scrutiny. Traditional economic analysis usually prioritises quantitative and structural approaches to the analysis of technological change, focusing on increases in total output and productivity, indicators such as the efficiency of innovation, the performance of innovation systems, the competitiveness of innovators (e.g. early adopters, laggards, firms 'catching up'), the rate of technological change, and the scale of technological expansion (Dosi, 1982; Geels, 2002; Lundvall, 2007; Perez, 2010; Rogers, 2003) . Over the past few decades, some researchers in the areas of science policy, innovation studies and related fields, such as science, technology and society studies (STS), have developed new theoretical, conceptual and normative frameworks, which encourage policy analysts and decision makers to acknowledge, more openly and transparently, the quality and indeterminacy of technological change and the values which are at stake in selecting the directions of change (Leach et al., 2010; Stirling, 2009) . Scholars have demonstrated how innovation trajectories are driven and shaped by networks of social and economic actors and institutions, including finance, regulation, politics, popular sentiments, consumer attitudes, and economic ideologies (Bijker et al., 1987; Bijker and Law, 1992; Callon, 1987; Hughes, 1987; Latour, 2005; MacKenzie and Wajcman, 1999) .
This diverse body of work has also shown how the possibilities of technological change may be opened up and closed down by political processes, and how particular technological trajectories come to be 'locked in' by path dependency, through the shaping of expectations, feedback loops, the obduracy of materials and infrastructure, and the influence of incumbent powerful actors (Leach et al., 2010; Stirling, 2009) . Broadly speaking, such approaches agree that analysts of technological change should adopt more actor-oriented approaches to technology and technological change (Biggs, 1990; Long, 2001; Richards, 1985) , paying attention also to the roles of innovation intermediaries and brokers (Klerkx et al., 2009) and to the distribution of agency within networks of people and things in specific environments (Fatimah and Arora, 2016; Stirling, 2011) .
Some readers might object to our eclectic and inclusive approach to this literature, which encompasses a range of critical and social constructionist approaches that were produced by scholars from different disciplines and traditions, working independently of and sometimes in friction with one another. However, for the purposes of the present article, we contend that it is not necessary to discriminate between these, admittedly distinct, perspectives and schools of thought. We share the view of Sovacool and Hess (2017) that scholars and policy analysts ought to broaden their conceptual debates and 'move beyond science, engineering and economics as preferred "cognitive resources"'. Therefore, our aim is to take notice that these alternative approaches to understanding technology and innovation are often neglected in mainstream discourses and concepts of technology and innovation. A consequence is that established methods of operationalising and evaluating technological change are prone to the linearity and determinism we have mentioned above.
Our specific purpose is not to advocate for or against one or other of these alternative conceptual approaches to understanding technology and technological change, but to propose a simple analytical framework which poses a series of questions about interventions that aim to change technology in order to produce better outcomes. We seek to contribute to ongoing discussions among policy analysts and practitioners about how to 'catalyse a new conversation about how development stakeholders … engage in the multiple pathways to transformational change' (CSIRO and CGIAR ISPC Secretariat, 2017: 6; Hall, n.d.) . In this paper, our focus is on interventions in agri-food systems that are intended to improve nutrition.
We adopt an explicitly normative approach to the responsibilities and accountability of the actors who promote technological change. In recent years, 'responsible research and innovation' (RRI) has emerged as a framing concept for a reflexive and accountable approach to the conduct and governance of scientific research, technology development and socio-technical innovation for the benefit of society (Owen et al., 2012) . The RRI framework has been developed to assist with the responsible governance of 'emerging' technologies, such as nanotechnology, artificial intelligence and genome editing, whose future uses and wider ramifications are intrinsically hard to predict, but potentially significant and consequential (Stilgoe et al., 2013) . Not all of the technologies that may be applied within South Asian agri-food systems in the next few decades are as unprecedented or carry such revolutionary potential, although some certainly do, such as genome editing (Ma et al., 2018) , synthetic meat products (Bhat et al., 2017) and nanotechnology applications in food and the food value chain (Sozer and Kokini, 2009 ). Nonetheless, other technological applications and processes of socio-technical change, which appear less extraordinary and more incremental -often by virtue of their technical components being already familiar in other places or contexts -may still involve many actors in local innovation processes, which will generate profound and sweeping changes in agriculture and food systems over time; a historical example is the enormous expansion of dairy production and consumption in India (sometimes known as the 'white revolution') (Kurien, 2007) .
One analytical approach to underpin a responsible approach to innovation and the governance of technology, is to bring to the surface the 'three Ds' of innovation: its direction, its distribution, and its diversity. The 'three Ds approach' or the 'pathways approach' was articulated by Stirling and colleagues at the ESRC STEPS Centre located in Brighton, UK, in a 'new Sussex manifesto' for innovation, sustainability and development ( STEPS Centre, 2010; Stirling, 2009 ). The STEPS pathways approach suggests that observing and evaluating the direction of technological change means attending to 'vector' qualities rather than only 'scalar' quantities: that is, how technical and social arrangements are being configured and shaped in particular ways over time, and how costs, benefits and risks are being (re)distributed differentially among people and across networks, rather than merely how fast things are changing or how many people, organisations or systems are being affected by change. It entails examining which technological pathways are being selected or prioritised, and which alternative pathways are being neglected, closed down or sidelined (STEPS Centre, 2010; Stirling, 2009 ).
In the context of agri-food systems, this injunction to attend to the current and potential directions of technological change means to consider why current configurations of farming, processing, distribution, retail, policies and regulations are creating a triple burden of malnutrition in South Asia. Concretely, it means examining why South Asian agri-food policies, programmes and enterprises are currently promoting the production of staple cereals and oils rather than nutritious vegetables, pulses and small grains, and stimulating the consumption of unhealthy quantities of sugar, salt, and unhealthy fats.
Attending to distributional issues means examining how the costs, benefits and risks entailed by a particular technological pathway are distributed among the stakeholders in a society or community. It involves asking: Who are the winners and losers? Which values are being promoted and which are being overlooked? This distributional analysis raises questions of equity and social justice, as well as questions of efficiency and strategy: Are the costs being borne by those most able to bear them? Are they being paid by those who also stand to benefit from the change in other ways? Are the innovators themselves causing others -including society at large -to bear the costs and risks of their innovation, while they reap the benefits (Stirling, 2009 )?
For agri-food systems, a focus on distributional questions demands that inequality and the diverse interests, situations and predicaments of a heterogeneous population are taken explicitly into account. Examples from the history of the GR and post-GR periods help to demonstrate that governance and policy approaches that attempt to solve the triple burden using a monolithic, undifferentiated approach -such as focusing on yield in crop breeding programmes at the expense of nutrient content -are likely to fall short, and may also produce unintended negative consequences for the population as a whole or for some people and groups. To tackle the triple burden in South Asia, a spectrum of agri-food innovations is needed that can address the diverse causes and consequences of the nutrition problem across multiple sectors, levels and scales of the agri-food system, encompassing basic research, crop breeding and input supply, on-farm production and natural resource management practices, processing, packaging and distribution systems, retail formats and consumption habits, and other aspects. Instead of a standardised, homogenising approach based on a conception of a singular impact pathway, diverse innovations will be needed that can address complex, multiple, specific, local pathways affecting particular populations -richer and poorer consumers; urban and rural areas; men and women; adults, infants and adolescents; inhabitants of particular regions; and so on.
Promoting or preserving a space for a diversity of technological options and pathways will ensure that society does not generate risk or create harm by 'putting all its eggs in one basket'. It also recognises the plurality of any society or community, a spectrum of different individuals and groups with divergent interests and values. These are difficult to satisfy or respect if all members of the society are driven in the same, singular direction. A diversity of technological pathways is also valuable in itself, as a key resource underpinning the robustness and resilience of social and technical systems. Encouraging diverse technological pathways will entail trade-offs such as higher transaction costs and an increase in system incoherence, but these sources of friction may be compensated by other benefits, such as an increase in creativity and innovation through the interaction of different practices, knowledge systems, institutions and cultures (Stirling, 2009) .
For policy makers facing the challenge of the nutrition transition and the triple burden of malnutrition in South Asia, the injunction to promote diversity in innovation implies that solutions are not sought only from certain sources, such as agriculture ministries, agribusiness inputs suppliers, fiscal instruments (e.g. farm or consumer subsidies), public education programmes, or particular scientific disciplines (e.g. crop breeding). Instead, there is intrinsic value in seeking out and creating spaces for multiple actors, ideas, programmes and initiatives to contribute to innovation in different ways. This enables society to benefit from the potential of crowd-sourcing ideas; to combine the capabilities of different actors in an innovation system; and to create diverse solutions for different niches.
Tackling the challenge of the triple burden in South Asia will require action across entire chains from production to consumption, including aspects upstream of farms, such as input supply, crop breeding research, and financial services. Drawing upon the guiding 'three Ds' principles of the pathways approach, in the LANSA programme we proposed a set of practical questions that could help analysts and policy makers to think about the design and implementation of innovative measures -including technical, practical, policy and institutional interventions -that could be designed to achieve better outcomes for nutrition in South Asia (Glover, 2017) . These are presented in Box 1.
The questions recognise that innovation necessarily comprises change in the activities and practices of a range of actors. The questions are intended to help the designers and implementers of interventions to identify the actors who are implicated within a proposed change process which is intended to improve nutritional outcomes from agri-food systems. The questions seek to understand how innovations might work for specific situations, identify the resources required, and reveal the challenges of system coordination. In the next section, we look at how these guidelines might be applied to the study of existing, and evaluation of prospective, innovations intended to improve the nutritional outcomes. Table 1 presents a summary analysis of interventions that have sought to organise and focus the activities of people, natural resources, inputs, tools, institutions and relationships to improve nutrition through agriculture and value chains in South Asia. The table is derived from a previous version (Glover, 2017) and the analysis in this section is based on the same working paper. The cases presented in the table were drawn from examples studied by contributors to the LANSA programme, as well as additional cases from the wider literature relating to the agriculture-nutrition nexus in South Asia. Table 1 includes 11 interventions of various kinds, ranging from measures to encourage the cultivation of vegetables and keeping of small livestock and poultry at farm household level, to village-level interventions designed to make farming systems within a whole rural community more nutrition-sensitive, to the promotion of biofortified crops and the transgenic biofortification of rice, to the commercialisation of nutrient-rich and fortified processed foods, and interventions intended to encourage the cultivation and consumption of nutritious traditional millets.
Examples from LANSA and other literature
In each case, the essential concept underlying the intervention is generally quite easy to state (Table 1, column 3) . However, the wider implications are often much larger and the range of actors to be engaged may be wide and diverse. For example, encouraging rural Box 1 Analytical framework to assess innovative propositions (Glover, 2017) .
What is the basic approach involved in the intervention?
• What is the essential technical (material, practical) change envisaged by the intervention? Is the change sufficiently clear and coherent conceptually to be summarised in a few sentences?
• Does the intervention reflect an (implicit) 'impact pathway' or 'theory of change'? 2. What forms of practice or behaviour are envisaged if this intervention/innovation is taken up?
• What new activities would be introduced? What existing activities would be eliminated or changed?
• Are the envisaged changes in practice small and simple, or extensive and difficult?
• Are the changes concentrated in time and space or do they ramify across a wide area and/or an extended timescale (entailing knock-on effects for other activities)? 3. Who is expected to practise or implement this technology?
• Who are the key individuals, groups or organisations envisaged as the principal practitioners (and beneficiaries) of the proposed new technology?
• Where are they situated geographically, culturally and economically? What resources do they have at their disposal?
• How much power or agency do they have to effect change? What is their capacity to handle and manage risk?
4. What material inputs may be required?
• What kinds and quantities of materials, resources, equipment or tools will be needed in order to take full advantage of the opportunities presented by the technology?
• Does the new technology require additional supplies of inputs such as land, chemical fertilisers, machinery, irrigation water, and so on? If so, are these resources readily available? Who will procure and/or supply them, and how? 5. What information, knowledge or skills are required?
• What kind and level of know-how or guidance is needed in order to take full advantage of the opportunities presented by the technology?
Are the required skills specialist or general?
• Who will supply the necessary information, training or advice? How?
How large is the actor-network implicated in the change? How is it composed?
• How extensive is the network of actors and resources likely to be engaged or affected by the proposed technological change?
• How evenly are power and agency distributed through the network? Which of the nodes (actors, resources) are unique and essential and which are generic and interchangeable? 7. How does the intervention create cultural changes and redistribute power?
• Who are the likely winners and losers of the intervention? What implications does this distribution have on the motivations and cooperation of different stakeholders and interest groups?
• How may the benefits be maximised and widely shared, and how might losses be minimised and compensated?
• How do these considerations affect the likelihood of implementation, and realising the advertised benefits of the proposed technological change? D. Glover, N. Poole Food Policy 82 (2019) [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] D. Glover, N. Poole Food Policy 82 (2019) 63-73 Note: Reproduced with permission from (Glover, 2017) . Row 10 is a new addition by the authors. Key: a.k.a. = also known as; CSO = civil society organisation; FV = fruit(s) and vegetable(s); HH = household; NGO = non-governmental organisation; PDS = Public Distribution System (India); OFSP = orange-fleshed sweet potato; SP = sweet potato; VAD = vitamin-A deficiency.
a
We are grateful to a peer reviewer for drawing this case to our attention. D. Glover, N. Poole Food Policy 82 (2019) 63-73 households to take up, expand or improve the production of highly nutritious foods, such as fresh vegetables, eggs, milk or meat is a conceptually simple intervention, intended to improve household nutrition directly (through consumption) and indirectly (by raising incomes). However, the intervention requires various supportive contributions to be in place, including markets for additional inputs and outputs, agronomic training and advice, and health-and nutrition-related information and guidance. Good sanitary practices may be especially necessary in relation to animal production, consumption and marketing. Although the production system is largely under the control of households, it depends also on external inputs that need to be available on an ongoing basis, such as seeds, ducklings, vaccines, feed supplements, and veterinary services. Schemes to encourage an entire community, or groups within it, to cultivate nutritious foods (e.g. rows 2, 8 and 10 in Table 1 ) entail the participation of many community-members and possibly also the creation of new associations, such as cooperating groups of young women (Row 2) or farmers in tribal communities (Row 10). These moves could disturb traditional associations and/or cultural norms, and may only succeed with the support of gate keepers and community leaders.
Another intervention that appears deceptively simple is the effort to encourage farmers to cultivate and consumers to eat more of a specific type of nutritious vegetable. An example is orange-fleshed sweet potato (OFSP), which is rich in beta carotene, the dietary precursor of vitamin A (Table 1 , row 4). The major challenges for such an intervention are not only agronomic, but involve working on both supply and demand aspects of the system simultaneously. To achieve the targeted improvements in vitamin A status, the beta-carotene profile of OFSP varieties must be sufficiently high to make a difference nutritionally, but farmers, processors and consumers must also understand how to protect the beta-carotene content during post-harvest storage, distribution and cooking. The bioavailability of beta carotene depends on the general health and nutritional status of consumers and the composition of their diets as a whole (Haskell, 2012) . Fundamentally, OFSP varieties must be perceived as good to eat by the target population. The impacts of the OFSP intervention therefore depend heavily on the socioeconomic context, as well as complementary communications and guidance to influence the practices of many actors along the value chain.
Row 6 in Table 1 examines a different kind of biofortified crop, namely transgenic Golden Rice. This high-profile example involves genetically modifying rice to express beta-carotene in its grains, as well as its green leaves and stems. Other projects have targeted the levels of micronutrients such as iron and zinc in rice (Brooks, 2010) . This case has something in common with the promotion of OFSP, however, the use of genetic engineering means that a much more extensive network of actors and resources must be engaged, including specialised scientific skills and equipment. Genetic engineering has also attracted special regulatory testing and oversight, and stimulated considerable public opposition from some consumers, environmental activists and development campaigners. These features of the innovation mean that the number and diversity of actors involved in helping or hindering the project is large, and so the complexity of delivering the project goals increases. There is a high level of technical challenge in getting rice grains to express beta-carotene at levels significant enough to make a substantial difference to the vitamin A status of people eating the rice (Brooks, 2013; Eisenstein, 2014; Enserink, 2008) . Equally challenging is to get the transformed rice varieties to perform agronomically in different rice-growing zones and regions, which has involved an international network of scientific collaboration (Bollinedi et al., 2017) . There still remains the challenge of convincing farmers to cultivate the new varieties and consumers to eat them (Bongoni and Basu, 2016) . Table 1 (row 5) also includes examples of nutrient fortification that occur in the post-farm value chain, where food products such as grains and oils are fortified with micronutrient supplements. This type of intervention need not involve farmers or require changes to existing cultivation systems or food preparation practices and consumption habits by consumers, except in so far as consumers might need to be encouraged to select a fortified product rather than an unfortified one. Otherwise, the only part of the value chain that is really affected is largely under the control of the processing company concerned. Modest external inputs are required, namely supplies of chemical fortificants and the equipment needed to combine them with the foodstuff in question. However, while the technical requirements are relatively simple, the process is not manageable by the innumerable small mills (chakkis) that serve the majority of the population, such as in Pakistan and Afghanistan (Ansari et al., 2018; GAIN, 2018) .
Some food companies envisage a market for fortified, processed foods as a commercial opportunity, which they have targeted with branded food products. Examples reviewed by LANSA researchers include Britannia Foods' Tiger biscuits in India and Grameen Danone's Shakti Doi yoghurts in Bangladesh (Table 1 , row 5). Tiger biscuits are fortified with iron, calcium and vitamins and are sold through commercial channels.
3 Shakti Doi yoghurts are rich in protein and calcium and contain added zinc, iron and vitamin A and are sold through small shops and directly to consumers through a door-to-door sales network (Sirajul Islam et al., 2017) . In such cases, nutrition-related health claims are incorporated within the branding and advertising of the products, which are marketed to middle class consumers and in small package sizes to poorer customers as well. A network of community health workers promotes the health benefits of Shakti Doi yoghurts. These commercial fortified foods can be produced and marketed without radically changing the practices of producers, processors and retailers. However, the poorest section of the target population is particularly hard to reach. Row 7 in Table 1 examines a project that encourages farmers to produce and use biochar as a vehicle to recycle valuable nutrients through the farm system. Biochar can be produced locally, using biomass collected from the local environment. The biochar must be combined with urine collected from livestock. The biochar's porous structure allows it to absorb a very large volume of liquid urine, which is loaded with nitrogen (N), potassium (K) and micronutrients. The nutrient-charged biochar must be dug directly into the root zone of crops as they are being sown or transplanted, because the plant roots need to be in direct contact with the biochar in order to draw out the available nutrients. The biochar system entails a significant reconfiguration of farming operations, including some completely novel practices that impose considerable demands of labour, time, skill and attention. The potential direct benefits in terms of household nutrition may depend on how effectively the biochar system returns valuable N and K to the crop root zone, and how well crop plants take up any additional micronutrients that the nutrient-loaded biochar may provide. If the crop productivity and yield improvements are large enough to generate a marketable surplus, then the technology may also help to improve nutrition indirectly, via increased household income. Although the biochar nutrient cycling method entails substantial hurdles in terms of resources, time, effort and organisation, and a wide network of human and non-human actors, in principle the material resources needed for ongoing management could be readily available within the local farming system or the local environment.
Row 9 in Table 1 examines an integrated approach to delivering health and nutrition advice alongside agricultural extension services. A project in India used modern ICT tools to deliver nutritional information and advice to women, especially mothers of infants and young children (Kadiyala et al., 2016) . The connection to agricultural practices was indirect. This type of intervention depends on the provision of material resources including audio-visual equipment and services such as electricity, internet and telecommunications, and the financial resources necessary to sustain the intervention, to scale it up, and to reach successive cohorts of young women and new mothers. A range of specialist knowledge is required, including expertise in health and nutrition, and skills relating to health communications and film-making.
The last two interventions in Table 1 are intended to encourage the cultivation, consumption and marketing of millets. Millets are nutritious small-grain cereals, which were traditionally grown in rainfed and semi-arid areas of India, but relatively neglected during the GR, and declined in popularity (Padulosi et al., 2015) . In row 10 of Table 1 is an NGO-led initiative that convinced the state government of Odisha, India, to promote millets in tribal districts. In row 11 is a change in policy and the redirection of a public subsidy through legislation that allowed the incorporation of millets within India's Public Distribution System (PDS). The PDS is a long-established scheme that gives poor households access to subsidised grains through 'fair price shops'. Until recently, the PDS covered rice and wheat, while some states also included items such as sugar and kerosene (Balani, 2013) . Though the principal reform is institutional rather than technical, the ramifications of the policy and the realisation of its goals necessarily involve other innovations -technical, practical, organisational and institutional -by various actors throughout the food system. The inclusion of millets in the PDS and school midday meal programmes creates a mechanism to stimulate increased consumption of these nutritious and culturally appropriate grains in poor households (Parasar and Bhavani, 2016) , although there is a risk that subsidised procurement prices could drive up millet prices in consumer markets outside the PDS (Rajshekhar and Raju, 2017) . With this type of intervention, changes in behaviour are required from both farmers and consumers, but these changes are stimulated with relative ease. The direction of the new policy is largely under the control of government ministers through existing bureaucratic structures, and relatively easy to implement in the context of the existing PDS framework.
Discussion
To varying degrees, all the interventions outlined in Table 1 can be criticised for embodying assumptions that are implicitly deterministic and linear, about the role of 'technology' and 'innovation' (in their commonly understood meanings) in producing a targeted outcome (improved nutrition). Using the simple framework of practical questions listed in Box 1, we have shown that the conceptual simplicity of a proposed technological intervention often conceals a much greater complexity. In particular, our approach helps to bring to the surface the range of actors -interacting within institutional relationships -that are implicitly expected by the designers and implementers of interventions to be involved in producing the desired outcomes.
We believe that exposing the complexity of the diverse activities and relationships that would need to be aligned and coordinated, in order for an envisaged outcome to be delivered -even for a conceptually simple change in technology -is a useful and practical reality check, against which such interventions can be assessed before and while they are implemented. Recognising that multiple stakeholders have degrees and kinds of agency in the reconfiguration of socio-technical systems calls for a dose of humility on the part of planners and system builders, especially a recognition that the potential achievement of beneficial outcomes must involve contributions from multiple actors, rather than masterful direction by an omniscient, masterful instigator and controller of change (Ton et al., 2014) .
Conclusions
We have used the case of the triple burden of malnutrition in South Asia to demonstrate analytically that innovation is loaded with positive, negative and ambiguous potential, rather than a simple good. We have proposed that responsible attention to the direction, distribution and diversity of innovation pathways can help decision makers to foster an environment in which innovative practices by multiple actors in South Asia could help to change agricultural and food systems in the region and strengthen nutritional outcomes, in ways that could be more equitable, sustainable and resilient. Drawing inspiration from the concept of RRI, we have argued that this would be the responsible and accountable way to proceed. Moreover, we believe that South Asian countries have a window of opportunity to learn from the experiences of other developed and developing countries, in areas such as the 'supermarketisation' of food retail and the expansion of fast food restaurants, in order to steer their own course.
To strengthen the connections between production and nutrition in South Asia, policy makers should adopt an agri-food systems perspective, encompassing innovations in agricultural research, value chain coordination, and food systems regulation. When assessing the potential for particular technology interventions to be successful in tackling specific aspects of the triple burden, sustainably, in specific places and for particular social groups, an actor-oriented perspective is helpful to understand who is being expected to initiate change, reconfigure networks, coordinate action, acquire new knowledge, learn new skills, supply new inputs, and so on.
The 'three Ds' pathways approach, as applied in this paper, recognises that agri-food systems innovations are driven by social actors, economic forces and institutional practices along pathways that have particular directions, with consequences for the distribution of costs, risks and benefits, and for the possibilities and potential directions of future innovations. In other words, the relevant questions to ask about innovation are not only about scale, speed or magnitude, but also about 'vector' qualities: directions and destinations, and their consequences for equity, risk and resilience.
Achieving nutrition security for young and old, women and men, urban and rural, affluent and poor people in South Asia means understanding that different kinds of malnutrition are created for these populations through multiple, specific pathways, and enabling a diverse range of bespoke, local and sector-specific solutions to be created and propagated through the agency of networks of public, private, philanthropic and civil society actors. Meeting the challenge of healthy diets in an increasing and ageing population is not just a matter of food quantity, progressively raising yields and increasing crop resistance to pests and diseases, but attending to the quality of agri-food systems innovation, what pathways will be followed, and how the costs, risks and benefits will be distributed.
Among the challenges facing society in the domain of agriculture for nutrition is a concerted effort by multiple food and nutrition actors in public, private, civil society and philanthropic sectors, to re-orient agricultural and food systems to be more nutrition-sensitive. The SDGs reflect such an aspiration, but innovative governance is required at the global level, to build an effective meta-organisation out of the disparate players (IFPRI, 2018) .
Three areas of policy among many can be specified, which exemplify our argument about the importance of attending to the diversity, distribution, and direction of pro-nutrition innovation. First, the principle of diversity suggests reprioritising within agricultural research and development programmes from the improvement of starchy staple crops to the improvement of hitherto neglected or underexploited resources and marginalised ('orphan', not marginal) systems. For example, livestock products are important for the nutrition of vulnerable groups such as children, adolescents and young women, however, livestock systems tend to contribute disproportionately to environmental pollution and climate change. Research and development is needed to work out how these trade-offs can be managed.
A focus on distribution suggests, for example, that to be effective in reaching rural populations at risk of micronutrient deficiencies, wheat fortification strategies (such as in Pakistan) should work through local chakkis (mills) and not just the easy-to-reach industrial milling enterprises which serve the urban population. Finally, a focus on the direction of innovations in the agri-food system implies that innovative kinds of intersectoral foresight and planning are needed. To create an agri-food system in South Asia that can deliver better nutritional outcomes for diverse populations and contexts, it is necessary to design and integrate solutions that have the potential to produce and distribute not only adequate calories but also micronutrients, combined within healthy and balanced diets, in ways that are both sustainable and resilient.
